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ABSTRAK 

Perubahan iklim yang disebabkan oleh peningkatan emisi gas rumah kaca 

mendorong perlunya strategi mitigasi melalui peningkatan simpanan karbon pada 

ekosistem daratan. Penelitian ini bertujuan untuk mengestimasi stok karbon pada 

berbagai jenis tanaman di Hutan Tanaman Industri BKPH Bandung, KPH 

Purwodadi, Jawa Tengah. Sampel diambil dari 15 titik menggunakan metode 

purposive sampling berdasarkan variasi kelerengan, jenis tanah, dan vegetasi. 

Parameter yang diamati meliputi sifat fisik dan kimia tanah, biomassa tanaman, 

seresah, karbon rekalsitran, dan indeks vegetasi (NDVI). Estimasi dilakukan untuk 

stok karbon pada biomassa atas dan bawah permukaan, seresah, serta tanah, dengan 
pendekatan regresi linier sederhana untuk analisis hubungan antar variabel. Hasil 

penelitian menunjukkan bahwa stok karbon tertinggi terdapat pada tegakan jati 

umur 9–15 tahun dan tanaman kaliandra merah umur 4 tahun. Tanaman jati 

menunjukkan akumulasi karbon yang tinggi pada biomassa seiring bertambahnya 

umur, sedangkan kaliandra merah memiliki laju pertumbuhan dan penyerapan 

karbon yang cepat dalam waktu singkat. Kandungan karbon rekalsitran lebih tinggi 

pada tanah di bawah tegakan jati tua, yang menunjukkan potensi simpanan karbon 

jangka panjang. Sementara itu, hubungan NDVI dengan biomassa dan stok karbon 

permukaan tergolong lemah pada kawasan penelitian. Kesimpulan dari penelitian 

ini menegaskan bahwa jenis dan umur tanaman sangat memengaruhi besar kecilnya 

stok karbon di suatu kawasan. Kombinasi antara jenis tanaman cepat tumbuh dan 

tanaman berkayu keras dapat menjadi strategi efektif dalam pengelolaan karbon 

berkelanjutan. Selain itu, fraksi karbon rekalsitran dan karakteristik tanah juga perlu 

diperhatikan sebagai komponen penting dalam stabilitas stok karbon jangka 

panjang. 

 

Kata Kunci : stok karbon, biomassa, karbon rekalsitran, hutan tanaman industri, 

NDVI 
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ABSTRACT 

 

Climate change driven by increased greenhouse gas emissions necessitates mitigation 

strategies through enhanced carbon sequestration in terrestrial ecosystems. This research 

aimed to estimate carbon stocks of various plant species in the Industrial Plantation Forest 

of BKPH Bandung, KPH Purwodadi, Central Java. Sampling was conducted at 15 

purposively selected points representing variations in slope, soil type, and vegetation. 

Parameters observed included soil physical and chemical properties, plant biomass, litter, 

recalcitrant carbon, and vegetation indices (NDVI). Carbon stock estimation was 

conducted for aboveground and belowground biomass, litter, and soil compartments, 

employing simple linear regression analysis to explore relationships among variables. The 

results revealed that the highest carbon stocks occurred in teak stands aged between 9–15 

years and red calliandra at the age of 4 years. Teak exhibited high carbon accumulation in 

biomass with increasing age, whereas calliandra demonstrated rapid growth and swift 

carbon uptake within a shorter time frame. Recalcitrant carbon content was notably higher 

in soils beneath older teak stands, indicating long-term carbon storage potential. However, 

the correlation between NDVI and biomass or surface carbon stocks was relatively weak 

across the study area. In conclusion, plant species and age significantly influence the 

magnitude of carbon stocks in an area. Combining fast-growing species with hardwood 

plants presents an effective strategy for sustainable carbon management. Additionally, soil 

characteristics and recalcitrant carbon fractions should be considered critical components 

for ensuring long-term stability of ecosystem carbon stocks. 

Keywords: carbon stock, biomass, recalcitrant carbon, industrial plantation forest, NDVI 

  



DAFTAR PUSTAKA 

 

Boer, R., Dewi, R. G., & Subbiah, A. R. (2012). Adaptation to climate variability 

and climate change: A guidance manual for development planning. 

Regional Integrated Multi-Hazard Early Warning System (RIMES). 

https://www.rimes.int/resources 

Food and Agriculture Organization (FAO). (2020). Global forest resources 

assessment 2020: Main report. Food and Agriculture Organization of the 

United Nations. https://doi.org/10.4060/ca9825en 

Kartika, J. G., Widyatmoko, B., & Hadi, Y. S. (2020). Identification of major pests 

and diseases in teak (Tectona grandis) plantations and their management. 

Jurnal Hutan Tropis, 8(2), 89–97. 

https://doi.org/10.20886/jht.2020.8.2.89-97 

Lasco, R. D., Pulhin, F. B., & Sanchez, P. A. (2008). Climate change and forest 

ecosystems in the Philippines: Vulnerability, adaptation and mitigation. 

Journal of Environmental Science and Management, 11(1), 1–14. 

https://ovcre.uplb.edu.ph/journals-

uplb/index.php/JESAM/article/view/311 

FAO. (2020). Climate change and agriculture. Food and Agriculture Organization 

of the United Nations. https://www.fao.org/climate-change/en/ 

Intergovernmental Panel on Climate Change (IPCC). (2021). Climate change 2021: 

The physical science basis. Contribution of Working Group I to the Sixth 

Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge University Press. https://www.ipcc.ch/report/ar6/wg1/ 

Lobell, D. B., Schlenker, W., & Costa-Roberts, J. (2011). Climate trends and global 

crop production since 1980. Science, 333(6042), 616–620. 

https://doi.org/10.1126/science.1204531 

Rosenzweig, C., Iglesias, A., Yang, X. B., Epstein, P. R., & Chivian, E. (2014). 

Climate change and extreme weather events: Implications for food 

production, plant diseases, and pests. Global Change and Human Health, 

2(2), 90–104. https://doi.org/10.1023/A:1015086831467 

Syaukat, Y. (2011). Perubahan iklim dan implikasinya terhadap ketahanan pangan 

di Indonesia. Jurnal Ilmu Pertanian Indonesia, 16(1), 35–44. 

https://doi.org/10.18343/jipi.16.1.35 

Wheeler, T., & von Braun, J. (2013). Climate change impacts on global food 

security. Science, 341(6145), 508–513. 

https://doi.org/10.1126/science.1239402 



Adhikari, K., Hartemink, A. E., Minasny, B., Bou Kheir, R., Greve, M. B., & Greve, 

M. H. (2014). Digital mapping of soil organic carbon contents and stocks 

in Denmark. PloS one, 9(8), e105519. 

Aftriana, C. V. (2013). Analisis Perubahan Kerapatan Vegetasi Kota Semarang 

Menggunakan Aplikasi Penginderaan Jauh. Skripsi, Universitas Negeri 

Semarang. 

Agus, F., & van Noordwijk, M. (2004). Cadangan Karbon dan Konservasi Tanah. 

World Agroforestry Centre, Bogor. 

Anonim. 2025. Deskripsi KPH Purwodadi. https://www.perhutani.co.id/kph-

purwodadi. Diakses pada 27 Desember 2024 

Anuar, N. I., Khalid, N., & Tahar, K. N. (2023). Analyze the Relationship Between 

Aboveground Biomass and NDVI Values Derived from UAV 

Multispectral Imagery. IOP Conference Series: Earth and Environmental 

Science, 1240(1), 012015. https://doi.org/10.1088/1755-

1315/1240/1/012015 

Archer, D., & Rahmstorf, P. (2010). The climate crisis: An introductory guide to 

climate change. Cambridge University Press. 

Arief, A. 2005. Hutan dan Kehutanan. Penerbit Kanisius. Yogyakarta. 

Artz, R. R. E., Chapman, S. J., Robertson, A. H. J., Potts, J. M., Laggoun-Défarge, 

F., Gogo, S., Comont, L., Disnar, J.-R., dan Francez, A.-J., 2001. FTIR 

Spectroscopy of Peat in and around a Forested Bog in Scotland: 

Relationship with Decomposition and Organic Matter Quality. European 

Journal of Soil Science vol. 52, no. 2 hlm. 279–289. 

Badan Pusat Statistik. 2025. Kabupaten Grobogan dalam angka 2025. BPS 

Kabupaten Grobogan 

Badan Standarisasi Nasional (BSN). 2011. Pengukuran dan penghitungan cadangan 

karbon –Pengukuran lapangan untuk penaksiran cadangan karbon hutan 

(ground based forest carbon accounting). SNI 7724:2011 

Bardgett, R.D. (2005). The biology of soil: a community and ecosystem approach. 

New York: Oxford University Press. 

Berthomieu, C., & Hienerwadel, R. (2009). Fourier transform infrared (FTIR) 

spectroscopy. Photosynthesis Research, 101(2–3), 157–170. 

https://doi.org/10.1007/s11120-009-9439-x 

Bot, A., & Benites, J. (2005). The Importance of Soil Organic Matter: Key to 

Drought-Resistant Soil and Sustained Food Production. FAO Soils 



Bulletin 80, Food and Agriculture Organization of the United Nations, 

Rome. 

Bouman, O.T., Curtin, D., Campbell, C.A., & Zentner, R.P. (1995). Soil 

acidification from long-term use of anhydrous ammonia and urea. Soil 

Science Society of America Journal, 59(5), 1488-1494. 

Brady. NC and Weil. 2008. The Nature and Properties of Soil. 14th Edition Pearson 

Educational Internasional, New Jersey. 965p. 

Brady, N. C., & Weil, R. R. 2016. The Nature and Properties of Soils (15th ed.). 

Pearson Education, Inc. 

Brown, S. 1997. Estimating Biomass and Biomass Change of Tropical Forests: A 

Primer. FAO Forestry Paper 134, Rome. 

Brown, S. 2002. Measuring carbon in forests: current status and future challenges. 

Environmental Pollution, 116(3), 363-372. 

https://doi.org/10.1016/S0269-7491(01)00212-3. 

Budiadi & Ishii, H. T. (2010). Aboveground biomass and productivity of teak 

plantations and adjacent natural forests in Java, Indonesia. Journal of 

Tropical Forest Science, 22(4), 513-526. 

Cahyana, D., Sulaeman, Y., Anda, M., Saparina, D. O., & Subardja, D. (2021). 

Developing and testing soil correlation matrix to assess the spatial 

variation of soil resource in Indonesia. IOP Conference Series: Earth and 

Environmental Science, 757(1). https://doi.org/10.1088/1755-

1315/757/1/012040   

Chan, K. Y., Oates, A. R., & Yates, C. L. (2001). Oxidizable organic carbon 

fractions and soil quality changes in an oxic Paleustalf under different 

pasture leys. Soil Science, 166(1), 61–67. 

https://doi.org/10.1097/00010694-200107000-00009 

Chan, K.Y. (2008). Increasing soil organic carbon of agricultural land. (PrimeFact 

735). New South Wales: NSW Department of Primary Industries. 

Chaoxiang Yuan, Fuzhong Wu, Qiqian Wu, Dario A. Fornara, Petr Heděnec, Yan 

Peng, Guiqing Zhu, Zemin Zhao , Kai Yue. 2023. Vegetation restoration 

effects on soil carbon and nutrient concentrations and enzymatic 

activities in post-mining lands are mediated by mine type, climate, and 

former soil properties. Science of the Total Environment 879 (2023) 

163059 http://dx.doi.org/10.1016/j.scitotenv.2023.163059. 

Chimdessa, Tolamariam. 2023. Forest carbon stock variation with altitude in 

bolale natural forest, Western Ethiopia. Global Ecology and 



Conservation 45 (2023) e02537 https://doi.org/10. 

1016/j.gecco.2023.e02537 

Cole CVK. 1996. Agricultural option for mitigation of greenhouse gas emissions. 

Climate Change 1995. Impacts, Adaption and Mitigation of Climate 

Change. Cambridge University Press: 1-27. 

Cui, J., & Wu, Y. (2022). Calculation and influencing factors of carbon emissions 

in countries along the Belt and Road based on the LMDI method. 

Highlights of Science, Engineering and Technology, 11, 167–176. 

Dahal, N. & Bajracharya, R.M. (2010). Prospects of soil organic carbon 

sequestration: Implications for Nepal's mountain agriculture. Journal of 

Forest and Livelihood 9(1), 45–52.. 

Damanik, M.M.B., Hasibuan, B.E., Fauzi, Sarifuddin, & Hanum, H. (2010). 

Kesuburan Tanah dan Pemupukan. USU Press, Medan. 

Darmawan, T., & Winarni, I. (2009). Pengaruh kerapatan tegakan terhadap 

pertumbuhan diameter dan tinggi pohon jati (Tectona grandis Linn. f.). 

Jurnal Penelitian Hutan Tanaman, 6(2), 95-104. 

Darusman. 2006. Pengembangan potensi nilai ekonomi hutan dalam restorasi 

ekosistem. Jakarta. 

Dixon, J.B. and Weed, S.B. 1989. Minerals in Soil Environments. 2nd Edition. Soil 

Science Society of America, Madison. 

Donato, D.C, Kauffman, J.B., Murdiyarso, D., Kurnianto, S., Stidham, M. and 

Kanninen, M., 2011. Mangroves among the most carbon-rich forests in 

the tropics. Nature Geoscience 4: 293- 297 

Eswaran H, E Van Den Berg et al.. 1993. Organic Carbon In Soils of The World. 

Soil Sci. of American J. 57:192-194. 

Evans, J., & Turnbull, J. W. (2004). Plantation Forestry in the Tropics (3rd ed.). 

Oxford University Press. 

Fageria, N.K., & Baligar, V.C. (2008). Ameliorating Soil Acidity of Tropical 

Oxisols by Liming for Sustainable Crop Production. Advances in 

Agronomy, 99, 345–399. 

FAO. 2004. Carbon sequestration in dryland soils. (World soil resources reports 

102). Rome: Food and Agriculture Organization of the United Nations. 

FAO. 2005. Gliricidia sepium: Agroforestry Tree Database. Food and Agriculture 

Organization of the United Nations. 

https://doi.org/10


FAO. 2006. World Reference Base for Soil Resources 2006 – A Framework for 

International Classification, Correlation and Communication. Rome: 

Food and Agriculture Organization of the United Nations. 

FAO, 2015. FAOStat: Food and Agriculture Organization of the United Nations. 

Statistics Division. 

Farmer, V. C. 1974. The Infrared Spectra of Minerals. Mineralogical Society, 

London. http://dx.doi.org/10.1180/mono-4 

Fathizad, H., Tazeh, M., Kalantari, S., Shojaei,S.  2017.  The  Investigation  

ofspatiotmporal Variations of Land SurfaceTemperature Based on Land 

Use ChangeUsing  NDVI  in  Southwest  of  Iran. Journal  of  Africa  

Earth  Science  134(2017)  249-256. 

Foody, G.M. (2002). Status of land cover classification accuracy assessment. 

Remote Sensing of Environment, 80(1), 185–201. 

https://doi.org/10.1016/S0034-4257(01)00295-4 

Frouz, J., Jílková, V., Cajthaml, T., Pižl, V., Tajovský, K., Háněl, L., et al.., 2013. 

Soil biota in post-mining sites along a climatic gradient in the USA: 

simple communities in shortgrass prairie recover faster than complex 

communities in tallgrass prairie and forest. Soil Biol. Biochem. 67, 212–

225. 

Ginting, Tommy T., dan Prayoga, Cahyo. 2018. Pendugaan Cadangan Karbon 

Hutan Jati (Tectona grandis Linn. F) Dengan Berbagai Persamaan 

Alometrik Pada Berbagai Kelas Umur Jati. Jurnal Tanah dan 

Sumberdaya Lahan Vol 5 No 2 : 1019-1026, 2018 e-ISSN:2549-9793. 

Gleason, Karen K., Simon K., Rafael R, .2007. Climate Classroom; What’s up with 

global warming. National Wildlife Federation, California. 

Griffiths, P. R., & de Haseth, J. A. (2007). Fourier Transform Infrared 

Spectrometry (2nd ed.). John Wiley & Sons. 

Guo, J., Wang, B., Wang, G., Myo, S.T.Z., Cao, F., 2020. Effects of three cropland 

afforestation practices on the vertical distribution of soil organic carbon 

pools and nutrients in eastern China - ScienceDirect. Glob. Ecol. 

Conserv. 22 https://doi.org/10.1016/j.gecco.2020.e00913.. 

Gupta, V.V.S.R., & Germida, J.J. (2015). Soil organic matter: Microbial diversity, 

activity, and implications for soil health. In Soil Biological Fertility (pp. 

1-17). Springer, Dordrecht. 

Hairiah, K., Sitompul, S. M., van Noordwijk, M., & Palm, C. (2001). Carbon stocks 

of tropical land use systems as part of the global C balance: Effects of 



forest conversion and options for “Clean Development” activities 

(Lecture Note 4). AGLS/ICRAF Southeast Asia. 

Hairiah, K. & Rahayu, S. 2007. Pengukuran Karbon Tersimpan di Berbagai Macam 

Penggunaan Lahan. World Agroforestry Centre (ICRAF), SEA Regional 

Office, Bogor. 

Hairiah, K., Ekadinata A, Sari RR, Rahayu S. 2011. Pengukuran Cadangan Karbon: 

dari tingkat lahan ke bentang lahan. Petunjuk praktis. Edisi kedua. Bogor, 

World Agroforestry Centre, ICRAF SEA Regional Office, University of 

Brawijaya (UB), Malang, Indonesia. 

Hanafiah, K.A. 2013. Dasar-dasar Ilmu Tanah. Raja Grafindo Persada, Jakarta. 

Hardjowigeno, S. 2010. Ilmu Tanah. Jakarta: Akademika Pressindo. Hlm. 60–65. 

Hardjowigeno, S. 2015. Ilmu Tanah. Akademika Pressindo. Jakarta. 288 hlm  

Havlin, J.L., Tisdale, S.L., Nelson, W.L., & Beaton, J.D. (2014). Soil Fertility and 

Fertilizers: An Introduction to Nutrient Management (8th Edition). 

Pearson Education Inc., New Jersey. 

Hoogsteen, M.J.J., Lantinga, E.A., Bakker, E.J., Groot, J.C.J., Tittonell, P.A., 2015. 

Estimating soil organic carbon through loss on ignition: effects of 

ignition conditions and structural water loss. Eur. J. Soil Sci. 66, 320–

328. https://doi.org/10.1111/ejss.12224 

Houghton, RA and DL Skole. 1990. Karbon. In Turner BS, WC Clark, RW Kates, 

JF Richards, JT Mathews, and WB Meyer. The Earth and Transformed 

by Human Action. Cambridge Univ. Press. NY:393-408. 

Huete, A. R., Didan, K., Miura, T., Rodriguez, E. P., Gao, X., & Ferreira, L. G. 

(2002). Overview of the radiometric and biophysical performance of the 

MODIS vegetation indices. Remote Sensing of Environment, 83(1–2), 

195–213. https://doi.org/10.1016/S0034-4257(02)00096-2 

Humam, A., Hidayat, M., Nurrochman, A., Anestatia, A. I., Yuliantina, A., & Aji, 

S. P. (2020). Identifikasi Daerah Kerawanan Kebakaran Hutan dan Lahan 

Menggunakan Sistem Informasi Geografis dan Penginderaan Jauh di 

Kawasan Tanjung Jabung Barat Provinsi Jambi. Jurnal Geosains dan 

Remote Sensing, 1(1), 32-42. 

Intergovernmental Panel on Climate Change (IPCC). 2000. Emission Scenarios: 

Special Report on Emissions Scenarios. Cambridge, Cambridge 

University Press. 

Intergovernmental Panel on Climate Change (IPCC). 2006. IPCC Guidelines for 

National Greenhouse Gas Inventories, Volume 4: Agriculture, Forestry 



and Other Land Use, Chapter 4: Forest Land. https://www.ipcc-

nggip.iges.or.jp/public/2006gl/vol4.html 

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: 

Mitigation, Contribution of Working Group III to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change, XXX pp. 

Cambridge, United Kingdom, and New York: Cambridge University 

Press.  

Intergovernmental Panel on Climate Change. (2021). Climate change 2021: The 

physical science basis. Contribution of Working Group I to the Sixth 

Assessment Report of the Intergovernmental Panel on Climate Change. 

Cambridge University Press. https://www.ipcc.ch/report/ar6/wg1/ 

Irundu, D., Beddu, M. A., & Najmawati, N. 2020. Potensi Biomassa Dan Karbon 

Tersimpan Tegakan di Ruang Terbuka Hijau Kota Polewali, Sulawesi 

Barat. Jurnal Hutan dan Masyarakat.  

Jaya, R., & Rijal, A. S. (2020). Mapping of Landslide Hazard Distribution in Alo 

Watershed Gorontalo Regency. Jambura Geoscience Review, 2(1), 30–

40. https://doi.org/10.34312/jgeosrev.v2i1.2671) 

Kaiser, K., and Zech, W., 2000. Decomposition of dissolved organic matter in forest 

floor leachates by ultraviolet radiation and the hydroxyl radical. Soil 

Biology and Biochemistry, vol. 32, no. 5 pp. 603–610. 

Kharuk, V.I., Ranson, K.J., & Im, S.T. (2003). NDVI-based mapping of deciduous 

conifer forests in Siberia. International Journal of Remote Sensing, 24(9), 

1901–1910. https://doi.org/10.1080/01431160210154816 

Kögel-Knabner, I. (2002). The macromolecular organic composition of plant and 

microbial residues as inputs to soil organic matter. Soil Biology and 

Biochemistry, 34(2), 139–162. 

Kollert, W., & Cherubini, L. (2012). Teak resources and market assessment 2010 

(Tectona grandis Linn. f.). FAO, Forestry Department Working Paper 

FP/47/E. 

Kraenzel, M., A. Castillo., T. Moore. & C. Potvin. 2003. Carbon storage of harvest-

age teak (Tectona grandis) plantations, Panama. Forest Ecology and 

Management 173: 213- 225. 

Krisnawati, Haruni., Adinugroho, Wahyu C., Imamudin, Rinaldi. 2012. Monograf 

Model-Model Alometrik untuk Pendugaan Biomassa Pohon pada 

Berbagai Tipe Hutan di Indonesia. Pusat Penelitian dan Pengembangan 

Konservasi dan Rehabilitasi, Badan Penelitian dan Pengembangan 

Kehutanan Kemetrian Kehutanan. Bogor, Indonesia 



Krull, E.S., Baldock, J.A., & Skjemstad, J.O. (2003). Importance of mechanisms 

and processes of the stabilization of soil organic matter for modeling 

carbon turnover. Functional Plant Biology, 30(2), 207-222. 

Kumar, A., Sharma, M. P., & Taxak, A. K. (2017). Carbon sequestration by 

forestry plantations: Implications for climate change mitigation. 

Environment, Development and Sustainability, 19(5), 1785-1799. 

Kumar, B. M., dan Nair, P. K. R. 2011. Carbon sequestration potential of 

agroforestry systems: Opportunities and challenges. Advances in 

Agronomy, 108, 237–307. https://doi.org/10.1016/B978-0-12-385531-

2.00004-7 

Kusmana C. 1993. A Study on mangrove forest management base on ecoloycal date 

in East Sumatera Indonesia [disertasi]. Kyoto: Kyoto University. 

Ding, L. C. Liu, K. Chen, Y. Huang, B. Diao. 2017.  Atmospheric pollution 

reduction effect and regional predicament: an empirical analysis based 

on the Chinese provincial NOx emissions. J. Environ. Manag. 196 178–

187. 

Lal, R. 2002. Soil Erosion and The Global Carbon Budget. Enviroment 

International. 29 (2003) 437-450. https://doi.org/10.1016/S0160-

4120(02)00192-7 

Lal, R. 2004. Soil carbon sequestration impacts on global climate change and food 

security. Science, 304(5677), 1623-1627. 

Lal, R. 2005. Forest soils and carbon sequestration. Forest Ecology and 

Management, 220(1-3), 242-258. 

Lal, R. 2009. The potential for soil carbon sequestration. In Agriculture and climate 

change: An agenda for negotiation in Copenhagen. (Brief 5). Focus 16. 

Lamichhane, S., Kumar, L., Wilson, B., 2019. Algoritma pemetaan tanah digital 

dankovariat untuk pemetaan karbon organik tanah dan implikasinya: 

tinjauan-sciencedirect. Geoderma 352, 395–413 

Lasco, R.D., Guillermo, I.Q., Cruz, R.V.O., Bantayan, N.C., & Pulhin, F.B. 2005. 

Carbon stocks assessment of a selectively logged dipterocarp forest and 

wood processing mill in the Philippines. Journal of Tropical Forest 

Science, 17(2), 212-221. 

Laudia, Tiara., Candra, I Nyoman., Elvinawati. 2020. Analisis Kemampuan Tanah 

Di Daerah Danau Dendam Kota Bengkulu Dalam Menjerap Logam 

Kromium. Jurnal Pendidikan dan Ilmu Kimia, 4(2): 156 - 162 (2020). 



Lehmann, J., & Kleber, M. (2015). The contentious nature of soil organic matter. 

Nature, 528(7580), 60–68. https://doi.org/10.1038/nature16069 

Lu, D. 2006. The potential and challenge of remote sensing-based biomass 

estimation. International Journal of Remote Sensing, 27(7), 1297–1328. 

https://doi.org/10.1080/01431160500486732 

Lützow, M.V., Kögel-Knabner, I., Ekschmitt, K., Flessa, H., Guggenberger, G., 

Matzner, E., & Marschner, B. (2006). Stabilization of organic matter in 

temperate soils: Mechanisms and their relevance under different soil 

conditions – a review. European Journal of Soil Science, 57(4), 426–445. 

https://doi.org/10.1111/j.1365-2389.2006.00809.x 

Madejová, J. 2003. FTIR techniques in clay mineral studies. Vibrational 

Spectroscopy Volume 31. Issue 1. Pages 1-10, ISSN 0924-2031, 

https://doi.org/10.1016/S0924-2031(02)00065-6.  

Mahmud, M., Husna, N., & Nurdiana, N. (2021). Evaluasi Pertumbuhan dan Daya 

Adaptasi Gamal (Gliricidia sepium) pada Kondisi Kekeringan. Jurnal 

Sylva Lestari, 9(2), 191-201. 

Margenot, A. J., Calderón, F. J., Goyne, K. W., & Parikh, S. J. (2017). Soil Organic 

Matter Spectroscopy: A Rapid Tool for Assessing Soil Health. Advances 

in Agronomy, 146, 1–59. https://doi.org/10.1016/bs.agron.2017.07.001 

Masripatin N, kirsfianti G, Gustan P and Dharmawan W.S. 2010. Cadangan Karbon 

Pada Berbagai Tipe Hutan Dan Jenis Tanaman Indonesia. Bogor: Pusat 

penelitian dan pengembangan perubahan iklim dan kebijakan.  

McKenzie, R. (2010). Soil carbon sequestration under pasture. (Project MCK 

13538). In Australian McKenzie Soil Management. Orange  NSW: Dairy 

Regions. Dairy Australia. 

Miller, R. W. and R. L. Donahue. 1990. Soil an Introduction to Soil and Plant 

Growth. Prentice Hall., Inc., Eaglewood Cliffs. New Jersey. 768 p. 

Minasny, B., McBratney, AB, Malone, BP, Wheeler, I., 2013. Pemetaan digital 

tanah karbon. Kemajuan dalam Agronomi. 118. Pers Akademik, hal.1-

47 

Munir, M. 1996. Tanah-Tanah Utama Di Indonesia, Karakteristik, Klasifikasi dan 

Pemanfaatannya. Pustaka Jaya. Jakarta. hal. 216-238 

Murdiyarso, D. 1999. Perlindungan Atmosfer Melalui Perdagangan 

Karbon:Paradigma Baru dalam Sektor Kehutanan. Orasi Ilmiah Guru 

Besar tetap Ilmu Atmosfer. Fakultas MIPA IPB. Bogor. 47 hal. 



Murdiyarso, D. 2003. Protokol Kyoto Implikasinya bagi Negara Berkembang. 

Penerbit Buku Kompas. Jakarta. 

Myhre, G., Shindell, D., Bréon, F.-M., Collins, W., Fuglestvedt, J., Huang, J., Koch, 

D., Lamarque, J.-F., Lee, D., Mendoza, B., Nakajima, T., Robock, A., 

Stephens, G., Takemura, T., & Zhang, H. (2013). Anthropogenic and 

natural radiative forcing. Geophysical Research Letters, 40(6), 1-6. 

https://doi.org/10.1002/grl.50377 

Nabuurs, G. J., & Mohren, G. M. J. (1995). Modelling analysis of potential carbon 

sequestration in selected forest types. Canadian Journal of Forest 

Research, 25(8), 1157–1172. https://doi.org/10.1139/x95-128 

Nasution, F. S., & Tarigan, S. D. 2019. Potensi Tanaman Kaliandra Merah 

(Calliandra calothyrsus) sebagai Tanaman Konservasi untuk Rehabilitasi 

Lahan Kritis. Jurnal Agroforestri Indonesia, 2(2), 101-110. 

Návar, J. 2009. Allometric equations for tree species and carbon stocks for forests 

of northwestern Mexico. Forest Ecology and Management, 257(2), 427–

434. https://doi.org/10.1016/j.foreco.2008.09.028 

Nguyen, T. T. N., Janik, L. J., & Raupach, M. 2020. The application of infrared 

spectroscopy for soil analysis. Applied Spectroscopy Reviews, 55(6), 

481–505. https://doi.org/10.1080/05704928.2019.1701095 

Nguyen, Thi Thu Nhan, Cheng-Yuan Xu, Iman Tahmasbian, Rongxiao Che, 

Zhihong Xu, Xuhui Zhou, Helen M. Wallace, Shahla Hosseini Bai. 2017. 

Effects of biochar on soil available inorganic nitrogen: A review and 

meta-analysis. Geoderma Volume 288 Pages 79-96. ISSN 0016-7061, 

https://doi.org/10.1016/j.geoderma.2016.11.004. 

Wu, P., Song, Y., Zhu, J., & Chang, R. (2019). Analyzing the influence factors of 

the carbon emissions from China’s building and construction industry 

from 2000 to 2015. Journal of Cleaner Production, 221, 552–566. 

https://doi.org/10.1016/j.jclepro.2019.02.264. 

Palmer, B., Macqueen, D. J., & Gutteridge, R. C. (1994). Calliandra calothyrsus: 

a multipurpose tree legume for humid locations. Tropical Grasslands, 28, 

114-118. 

Pambudi, Haryo. 2011. Tesis : Pengukuran Biomassa Dan Karbon Hutan Tanaman 

Jati (Tectona Grandis, L.F) Di Kph Randublatung, Perum Perhutani Unit 

I Jawa Tengah. Universitas Gadjah Mada, 2011 | Diunduh Dari 

http://etd.repository.ugm.ac.id/ 

Pan, H., Zheng, X., Tian, X., Geng, Y., Zhang, X., & Xiao, S. (2022). Toward 

sustainable crop production in China: A co-benefits evaluation. Journal 



of Cleaner Production, 361, 132285. 

https://doi.org/10.1016/j.jclepro.2022.132285 

Pandey, D., & Brown, C. (2000). Teak: a global overview. Unasylva, 51(201), 3-

13. 

Parikh SJ, Chorover J. 2006. ATR-FTIR spectroscopy reveals bond formation 

during bacterial adhesion to iron oxide. Langmuir. Sep 26;22(20):8492-

500. doi: 10.1021/la061359p. PMID: 16981768. 

Pavia, D.L., Lampman, G.M., Kriz, G.S., & Vyvyan, J.R. 2014. Introduction to 

Spectroscopy. 5th ed. Cengage Learning. Boston  

Peraturan Menteri Kehutanan Republik Indonesia Nomor  P.12/Menhut-II/2012  

Tentang Perubahan Kedua Atas Peraturan Menteri Kehutanan Nomor 

P.32/Menhut-II/2009 Tentang Tata Cara Penyusunan Rencana Teknik 

Rehabilitasi Hutan Dan Lahan Daerah Aliran Sungai (RTK RHL-DAS)  

Pettorelli, N., Vik, J.O., Mysterud, A., Gaillard, J.M., Tucker, C.J., & Stenseth, N.C. 

(2005). Using the satellite-derived NDVI to assess ecological responses 

to environmental change. Trends in Ecology & Evolution, 20(9), 503–

510. 

Poedjoprajitno, S., & Djuhaeni. (2006). Unit Genesa Pasir Ngrayong di Desa 

Ngepon, Jawa Timur, Cekungan Jawa Timur Utara. 38th Geology 

Bulletine. 

Pierrehumbert, R. (2014). Short-lived climate pollution. Nature, 515(7528), 338-

339. https://doi.org/10.1038/515338a 

Poorter, L. et al.. (2015). Tree species traits determine growth performance in a 

tropical forest restoration experiment. New Phytologist, 206(2), 607–

618. 

Pranoto., Tri Martini dan Winda Maharditya, Uji Efektivitas dan Karakterisasi 

Komposit Tanah Andisol /Arang Tempurung Kelapa Untuk Adsorpsi 

Logam Berat Besi (Fe) Alchemy, 2020,16(1): 50-66. 

Prasetyo, B.H., & Suriadikarta, D.A. 2006. Karakteristik, potensi, dan teknologi 

pengelolaan tanah ultisol untuk pengembangan pertanian lahan kering di 

Indonesia. Jurnal Litbang Pertanian, 25(2), 39-47. 

Prawirohardjo, S. (1997). Ilmu Tanah. Jakarta: Departemen Pendidikan dan 

Kebudayaan, hlm. 56–60. 

Prescott, C. E. (2010). Litter decomposition: What controls it and how can we alter 

it to sequester more carbon in forest soils?. Biogeochemistry, 101(1–3), 

133–149. https://doi.org/10.1007/s10533-010-9439-0 



Prijono, S., & Hindersah, R. (2011). Peran bahan organik tanah terhadap kesuburan 

tanah dan upaya pengelolaannya. Jurnal Sumberdaya Lahan, 5(2), 133-

144. 

Pringgoprawiro, H. 1983. “Biostratigrafi dan Paleogeografi Cekungan Jawa Timur 

Utara: Suatu Pendekatan Baru”. Institut Teknologi Bandung. Bandung. 

Afianto, M.A. 2017. Karakterisasi Reservoar Pada Formasi Karbonat 

Menggunakan Analisa Inversi Simultan Di Lapangan “MAF”. Institute 

Teknologi Surabaya. Surabaya. http://repository.its.ac.id/id/eprint/3419  

Purwanto, A. (2016). Pemanfaatan citra Landsat 8 untuk identifikasi Normalized 

Difference Vegetation Index (NDVI) di kecamatan silat hilir kabupaten 

Kapuas Hulu. Edukasi: Jurnal Pendidikan, 13(1), 27-36. 

Li, R., Wang, Q., Liu, Y., & Jiang, R. (2021). Per-capita carbon emissions in 147 

countries: The effect of economic, energy, social, and trade structural 

changes. Sustainable Production and Consumption, 27, 1149–1164. 

https://doi.org/10.1016/j.spc.2021.02.010 

Robert,  R. (2001). Soil carbon sequestration for improved land management. 

(World Soil Resources Reports 96). Rome: Food and Agriculture 

Organization of the United Nations. 

Rochmayanto Y., Wibowo A., Lugina M., Butarbutar T., Mulyadin RM., dan 

Wicaksono D. 2014. Cadangan Karbon pada Berbagai Tipe Hutan dan 

Jenis Tanaman di Indonesia. PT Kanisius. Yogyakarta  

Rowley, M. C., Grand, S., & Verrecchia, É. P. (2018). Calcium-mediated 

stabilisation of soil organic carbon. Biogeochemistry, 137(1–2), 27–49. 

https://doi.org/10.1007/s10533-017-0410-1 

Running, S. W., Nemani, R. R., Heinsch, F. A., Zhao, M., Reeves, M., & 

Hashimoto, H. (2004). A continuous satellite-derived measure of global 

terrestrial primary production. BioScience, 54(6), 547–560. 

https://doi.org/10.1641/0006-3568(2004)054[0547:ACSMOG]2.0.CO;2 

Russell, J.D. 1987. Infrared Methods. In: Wilson, M.J., Ed., A Hand Book of 

Determinative Methods in Clay Mineralogy. Blackie and Son Ltd., New 

York. 

Saha, S.K., Raghubanshi, A.S., & Singh, J.S. (2015). Carbon allocation and 

seasonal dynamics of above- and belowground biomass in dry tropical 

forest. Forest Ecology and Management, 337, 20–29. 

https://doi.org/10.1016/j.foreco.2014.10.034 

Sanchez, P.A. (2019). Properties and Management of Soils in the Tropics (2nd 

Edition). Cambridge University Press, Cambridge, UK. 



Schmidt, M. W. I., et al.. (2011). Persistence of soil organic matter as an ecosystem 

property. Nature, 478(7367), 49–56. 

https://doi.org/10.1038/nature10386 

Setyawan, A.D., Susilowati dan A. Sutarno. 2002. Biodiversitas genetic, spesies 

dan ekosistem mangrove di Jawa petunjuk praktikum biodiversitas; studi 

kasus mangrove. Jurusan Biologi FMIPA UNS. Surakarta 

Shi, J., Song, M., & Yang, L. 2023. Recalcitrant organic carbon plays a key role 

in soil carbon sequestration along a long-term vegetation succession on 

the Loess Plateau. CATENA, 233, 107528. 

https://doi.org/10.1016/j.catena.2023.107528 

Shi, P., Zhang, Y., Hu, Z., Ma, K., Wang, H., Chai, T., 2017. The response of soil 

bacterial communities to mining subsidence in the West China aeolian 

sand area. Applied Soil Ecology, 121, 1–10. 

https://doi.org/10.1016/j.apsoil.2017.08.001 

Shrestha, R. K., & Lal, R. (2011). Changes in physical and chemical properties of 

soil after surface mining and reclamation. Soil and Tillage Research, 

117, 168–176. https://doi.org/10.1016/j.still.2011.09.007 

Simon, H. (2007). Metode Inventarisasi Hutan. Yogyakarta: Penerbit Andi. 

Sims, D.A., & Gamon, J.A. (2002). Relationships between leaf pigment content and 

spectral reflectance across a wide range of species, leaf structures and 

developmental stages. Remote Sensing of Environment, 81(2-3), 337–

354. 

Singh, K. P., Mishra, R. (1979). Structure and functioning of natural modified and 

silvicultural ecosystems of eastern Uttar Pradesh. Final technical report 

(1975–1978). MAB Research Project-Banaras Hindu University India 

https://doi. org/10.2307/3236133. 

Siregar, C. A., & Djaenudin, D. (2015). Pertumbuhan Tanaman Jati (Tectona 

grandis Linn. f.) pada Berbagai Umur dan Sistem Tanam. Jurnal 

Penelitian Hutan Tanaman, 12(3), 175-187. 

Six, J., Conant, R.T., Paul, E.A., & Paustian, K. (2002). Stabilization mechanisms 

of soil organic matter: Implications for C-saturation of soils. Plant and 

Soil, 241(2), 155-176. 

Smith, B. C. (2011). Fundamentals of Fourier Transform Infrared Spectroscopy 

(2nd ed.). CRC Press. 

Soil Survey Staff. 2014. Keys Soil Taxonomy, Twelfth Edition. Washington. 

USDA. 372 hal 



Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K. B., Tignor, 

M., & Miller, H. L. (Eds.). (2007). Climate change 2007: The physical 

science basis. Contribution of Working Group I to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press. 

Sparks, D. L. (2003). Environmental soil chemistry: An overview. In D. L. Sparks, 

Environmental soil chemistry (2nd ed., pp. 1–42). Academic Press. 

Sposito, G. (2008). The Chemistry of Soils (2nd ed.). Oxford University Press. 

Stevenson, F. J. 1994. Humus chemistry: genesis, composition, reactions. John 

Wiley & Sons. Wiley-Interscience 

Stevenson, F. J., & Cole, M. A. (1999). Cycles of soil: Carbon, nitrogen, 

phosphorus, sulfur, micronutrients (2nd ed.). John Wiley & Sons. 

Subagyo, H., Suharta, N., & Siswanto, A.B. (2004). Tanah-tanah Pertanian di 

Indonesia. Bogor: Balai Penelitian Tanah, hlm. 75-78.  

Sugiyono. (2016). Metode Penelitian Kuantitatif, Kualitatif dan R&D, Cetakan ke-

24. Bandung: Alfabeta. 

Sugiyono. 2018. Statistika untuk Penelitian. Bandung: Alfabeta. 

Sukarman & Dariah, A. (2014). Pengelolaan bahan organik untuk meningkatkan 

produktivitas lahan kering masam. Jurnal Penelitian Pertanian Tanaman 

Pangan, 33(3), 147-154. 

Sumartoyo, Budianto, A., & Hermiyanto. (2014). Geological Map of the 

Bojonegoro Sheet, Java (Scale 1:100,000). Bandung: Pusat Survei 

Geologi, Badan Geologi, Kementerian Energi dan Sumber Daya Mineral. 

Suprianto, T dan S. Andi. 2012. Siklus Karbon dan Hutan. PT Komodo Books, 

Sulawesi Tengah. 

Sutaryo, D. (2009). Perhitungan Biomassa, Sebuah Pengantar untuk Studi Karbon 

dan Perdagangan Karbon. Bogor: Wetlands International Indonesia 

Programme. 

Swamy, S. L., Darro, H., Mishra, A., Lal, R., Kumar, A., & Thakur, T. K. (2023). 

Carbon stock dynamics in a disturbed tropical forest ecosystem of 

Central India: Strategies for achieving carbon neutrality. Ecological 

Indicators, 154, 110775. https://doi.org/10.1016/j.ecolind.2023.110775 

Tan, K.H. 2000. Enviroment Soil Science. Marcel Dekker, Inc. New York. 452 pp.  

Tan, K.H. 2011. Principles of Soil Chemistry (4th Edition). CRC Press, Taylor & 

Francis Group, Boca Raton. 



Tatzber, M., Stemmer, M., Haberhauer, G., Gerzabek, M., Spiegel, H., Katzlberger, 

C., & Mentler, A. (2007). FTIR spectroscopic characterization of humic 

acids and humin fractions obtained by advanced NaOH, Na₄P₂O₇ and 

Na₂CO₃ extraction procedures. Applied Spectroscopy, 61(10), 1052–

1057. https://doi.org/10.1366/000370207782597003 

Taufiq, Fathan Muhammad. 2021. Dampak Perubahan Iklim Global Terhadap 

Pertanian dan Ketahanan Pangan. Portal Berita InfoPublik. Jakarta 

The Word Bank. (2012). Carbon sequestration in  agricultural  soils. (Report 

Number 67395-GLB). Washington: The World Bank, Agriculture and 

Rural Development. 

Toochi, E. C. 2018. Carbon sequestration: how much can forestry sequester CO2. 

Forestry Research and Engineering: International Journal. 2(3), 148-

150. 

Tucker, C.J. (1979). Red and photographic infrared linear combinations for 

monitoring vegetation. Remote Sensing of Environment, 8(2), 127–150. 

https://doi.org/10.1016/0034-4257(79)90013-0 

Wibowo, Y S. Buchari, H. Arief, S. & Utomo, M. 2014. Pengaruh sistem olah tanah 

pada lahan alang-alang (Imperata cylindrica) terhadap biomassa karbon 

mikroorganisme tanah (C-mik) yang ditanamai kedelai (Glycine max L.) 

musim kedua. J. Agrotek Tropika. ISSN 2337-4993 Vol. 2, No. 1: 149 – 

154. 

Van Noordwijk, M., Cadisch, G., & Ong, C. K. (2000). Below-ground Interactions 

in Tropical Agroecosystems: Concepts and Models with Multiple Plant 

Components. CABI Publishing, Wallingford, UK. 

von Lützow, M., Kögel-Knabner, I., Ekschmitt, K., Flessa, H., Guggenberger, G., 

Matzner, E., & Marschner, B. (2006). Stabilization of organic matter in 

temperate soils: mechanisms and their relevance under different soil 

conditions—a review. European Journal of Soil Science, 57(4), 426–445. 

Walkley, A., & Black, I. A. (1934). An examination of the Degtjareff method for 

determining soil organic matter and a proposed modification of the 

chromic acid titration method. Soil Science, 37(1), 29–38. 

https://doi.org/10.1097/00010694-193401000-00003 

Wang Liang. 2024. Assessment of land use change and carbon emission: A Log 

Mean Divisa (LMDI) approach. Heliyon 10 (2024) e25669 

https://doi.org/10.1016/j.heliyon.2024.e25669 

Weier, J., & Herring, D. (2000). Measuring Vegetation (NDVI and EVI). NASA 

Earth Observatory. 



Wen Song, Junying Li, Xinju Li, Dongyun Xu, Xiangyu Min. 2023. Effects of land 

reclamation on soil organic carbon and its components in reclaimed coal 

mining subsidence areas. Science of the Total Environment 908 (2024) 

168523 https://doi.org/10.1016/j.scitotenv.2023.168523 

Widiarti, A., Hariyadi, Y., & Indriyanto. (2019). Potensi dan Pengembangan 

Tanaman Kaliandra (Calliandra calothyrsus) dan Gamal (Gliricidia 

sepium) sebagai Alternatif Hijauan Pakan di Lahan Kering. Jurnal Ilmu 

Peternakan dan Veteriner Tropis, 9(3), 215-223. 

Widiatmaka, W., Suharto, B., & Munibah, K. (2016). Evaluasi Pertumbuhan 

Tegakan Jati (Tectona grandis Linn.) dalam Hubungannya dengan 

Karakteristik Tapak. Jurnal Ilmu Kehutanan, 10(1), 1-12. 

Wirjodihardjo, M.W. 1963. Ilmu Tanah. Jilid III. Yasaguna. Jakarta.  

Wulder, M. A., White, J. C., Goward, S. N., Masek, J. G., Irons, J. R., Herold, M., 

& Woodcock, C. E. (2012). Landsat continuity: Issues and opportunities 

for land cover monitoring. Remote Sensing of Environment, 122, 84–91. 

https://doi.org/10.1016/j.rse.2011.08.027 

Yang, S.-X., Liao, B., Yang, Z.-H., Chai, L.-Y., & Li, J.-T. (2016). Revegetation of 

extremely acid mine soils based on aided phytostabilization: A case study 

from southern China. Science of the Total Environment, 562, 427–434. 

https://doi.org/10.1016/j.scitotenv.2016.03.210 

Liu, Z., Liang, S., Geng, Y., Xue, B., Xi, F., & Pan, Y. (2012). Features, trajectories 

and driving forces for energy-related GHG emissions from Chinese mega 

cities: The case of Beijing, Tianjin, Shanghai and Chongqing. Energy, 

37(1), 245–254. https://doi.org/10.1016/j.energy.2011.11.002 

Zhou, W., Yang, K., Bai, Z., Cheng, H., & Liu, F. (2017). The development of 

topsoil properties under different reclaimed land uses in the Pingshuo 

opencast coalmine of Loess Plateau of China. Ecological Engineering. 

100, 237–245. https://doi.org/10.1016/j.ecoleng.2016.12.021 

Zhu, B., Guo, R., Deng, Z., Zhao, W., Ke, P., & Dou, X. (2021). Unprecedented 

decarbonization of China’s power system in the post-COVID era. arXiv 

Preprint, arXiv:2104.06904. https://arxiv.org/abs/2104.06904 

Zulkarnaen, Rizmoon Nurul. 2020. Struktur Vegetasi Dan Simpanan Karbon Hutan 

Rakyat Desa Sambak, Magelang, Jawa Tengah. Buletin Kebun Raya 

23(2): 104-113, Agustus 2020 e-ISSN: 2460-1519 | p-ISSN: 0125-961X 

DOI: https://doi.org/10.14203/bkr.v23i2.262 

 

https://doi.org/10.1016/j.scitotenv.2023.168523
https://arxiv.org/abs/2104.06904

